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AN IMPROVED PROCESS FOR MAKING A 
LITHIATED LITHIUM MANGANESE OXIDE SPINEL 



The present invention relates to an improved process for 
making a lithiated spinel compound. In particular, the 
invention relates to a process for lithiating a lithium 
manganese oxide spinel to form a spinel featuring excess 
lithium, which is useful as an electrochemically active 
component in a secondary electrochemical cell. 

Lithium secondary, electrochemical cells, or rechargeable 
cells, typically include a Li-bearing intercalation compound as 
the positive electrode and a carbon, typically graphite, 
negative electrode, separated by a non- aqueous lithium- ion 
electrolyte. A lithium manganese oxide spinel of the general 
formula LiMn,0 4 commonly has been employed as the 
electrochemically active cathode component. Studies of lithium 
intercalation into graphite have shown, however, that when the 
lithium manganese oxide spinel is used in a lithium- ion 
rechargeable cell in which the anode or negative electrode is 
graphite, there is a marked, detrimental irreversible loss in 
capacity during the first recharging cycle . The initial 
approach to overcome this problem was simply to use a larger 
mass of positive electrode [ (l+x)LiMn 3 0 4 ] to compensate for the 
loss of lithium on the graphite anode during the first cycle. 
However, increasing the mass of the cathode is not an effective 
remedy when taking performance efficiency into consideration. 
In order to offset the lithium loss without, undesirably, 
seriously impacting massic or volumetric performance 
characteristics of the cell, lithiated lithium manganese oxide 
spinel structures have been developed which feature excess 
lithium (Li (1+x) Mn 2 0 4 ) . This excess lithium in the spinel compound 
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is available to compensate for the initial loss of lithium 

associated with the negative electrode, while reserving an 

amount of lithium needed to balance the reversible capacity of 

the graphite and maintain a useful energy level in the cell. 

While such lithiated lithium manganese oxide spinel 
compounds have proven to be a useful and effective cathode 
material in secondary or rechargeable electrochemical cells, 
presently known methods for producing the Li u+x )Mn 2 0 4 spinel are 
expensive and difficult to scale up from laboratory size to 
commercial volume. One such method of production, for example, 
includes subjecting LiMn 2 0 4 to a reducing reaction with a heated 
solution of lithium iodide (Lil) in acetonitrile; another 
involves a reduction of the lithium manganese oxide spinel with 
a solution of n-butyl lithiate (n-BuLi) in hexane. Both of 
these lithium-containing reactants are prohibitively expensive, 
the production processes involve organic solvents, and, in 
addition, the n-BuLi features hazardous, pyrophoric properties. 
Accordingly, there is a need for a viable method for commercial 
production of the lithiated lithium manganese oxide spinel . 

It now has been discovered that a lithiated lithium 
manganese oxide spinel of the formula Li (1+x >Mn 2 0 4 can economically 
be made by a simple method which comprises contacting a lithium 
manganese oxide spinel of the formula LiMn 2 0 4 with a lithium 
carboxylate compound, at a temperature and for a time sufficient 
to decompose the carboxylate compound and free the lithium to 
form said lithiated, 

Li u * x) Mn 2 0 4 spinel. This lithiated spinel compound has been found 
to be particularly useful as the positive electrode of a 
lithium-ion secondary electrochemical cell. 
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The present process produces a lithiated lithium manganese 

oxide spinel of the formula Li a , x ,Mn,0 4( wherein 0<x<l; 

preferably, the value of x ranges from about .05 to about 1.0; 

most preferably, x ranges from about .05 to about .3. 

The process is carried at a reaction temperature sufficient 

to decompose the lithium carboxylate reactant and form the 

lithiated spinel compound, but, below about 350°C, to avoid 

decomposition of the spinel compound. Above about 300°C the 

spinel compound begins to decompose into non- spinel 

decomposition products such as Li tl „,Mn0 3 and Mn0 s , which are not 

useful as cathode components in a lithium secondary 

electrochemical cell. The reaction temperature generally ranges 

from about 150°C to about 300°C f preferably, the reaction 

temperature ranges from about 230°C to about 250°C. 

Reaction time is dependent upon choice of reactants and 
reaction temperature. In general, reaction time ranges from 
about 10 minutes to about 15 hours; preferably about 2 to about 
8 hour reaction times are employed, since such times have been 
found to provide favorable results. 

Preferably, the synthesis is conducted in an inert 
atmosphere to avoid oxidation reactions resulting in the 
formation of by products undesirable for electrochemical cathode 
utility, such as Li,CB, and/or Li a MnO,. Suitable inert 
atmospheres include the noble gases (He, Ne, Ar, Kr, Xe, and 
Rn), vacuum, and combinations thereof, and the like. An argon 
atmosphere is preferred. 

The lithium carboxylate reactant employed in the present 
process is any lithium salt of mono and polycarboxylic acids, 
which features a decomposition temperature below about 300°C, and 
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which is effective to lithiate a LiMn 2 0 4 spinel when heated in 

contact with said spinel at a temperature below about 300°C. 

Examples of suitable lithium carboxylates useful in the present 

process include lithium acetate, lithium citrate, lithium 

formate, lithium lactate, other lithium carboxylates in which f 

the carboxylate group is attached to a group that is 

election-withdrawing relative to methyl (such as hydrogen, 

perf luoroalkyl , CF 3 S0 2 CH 2 , and (CF 3 S0 2 ) 2 N ), and the like. Lithium 

acetate is particularly preferred as the lithium carboxylate 

reactant . 

The process of the present invention may be practiced using 
various techniques. In one embodiment, particulate LiMn 2 0 4 
spinel first is mixed with a solution, preferably an aqueous 
solution, of lithium carboxylate to form a paste. Then, the 
paste is dried to remove the solvent and the so-formed intimate 
admixture of spinel and carboxylate is heated to a temperature 
and for a time sufficient to decompose the carboxylate and 
initiate reaction to form the Li {1+x) Mn 3 0« spinel. 

In another alternative embodiment of the process, the 
particulate LiMn 2 o 4 spinel and the lithium carboxylate salt are 
dry-mixed to form an intimate mixture. The dry admixture then 
is heat treated to lithiate the spinel to form the desired 
Li u+x) Mn 2 0 4 product. Any suitable dry mixing technique may be 
used to form the reactant mixture; such techniques include drum 
mixers, ball mixers, rod mixers, and the like. 

In a preferred process, lithium acetate; as the lithium , 
carboxylate reactant, is dissolved in water, and lithium 
manganese oxide spinel is added to the solution to form a paste. 
The LiOAc / LiMn 2 0 4 paste then is air dried at a temperature of 
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about 50°C to about 150°C, preferably about 100°C. The dried 
admixture next is reacted by heating it in an argon atmosphere 
to a temperature from about 230°C to about 250°C for a period of 
about 2 to about 8 hours. 



The following examples are provided to further illustrate 
the invention. 

Example 1 

Lithiated spinel of the formula Li 1 . i Mn 2 0 4 is prepared by 
dissolving 1.695 grams of lithium acetate (LiOAc) in about 30ml 
of deionized (DI) water. A stoichiometric amount of particulate 
lithium manganese oxide LiMn 2 0 4 spinel, 30 grams, is added to 
the LiOAc solution and the resulting slurry is stirred to keep 
the spinel in suspension and to ensure homogeneity between the 
spinel and LiOAc reactants, while the slurry is heated at 80-90°C 
for about 3 hours to remove excess water and convert the slurry 
into a paste. The paste then is vacuum dried at 80°C. The 
resulting powder is slowly heated, in a tube furnace in the 
presence of flowing argon, from room temperature to 250°C over a 
period of 1.5 hours, and is held at that temperature for 2 hours 
to form a bluish black powder product. The powder is cooled to 
110°C over a period of 3 hours in flowing argon. During the 
reaction, water condenses at the downstream end of the tube 
furnace. Weight loss during the reaction is about 17-20% of the 
combined weight of the LiOAc and spinel reactants. The Li 1 . 1 Mn a 0 4 
spinel powder product is analyzed by atomic absorption (AA) for 
Li and Mn concentration and characterized by X-ray powder 
diffraction (XRD) analysis. 
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Example 2 

Lithiated spinel of the formula Li^Mn^ is prepared from 
lithium acetate by dissolving 3.39 grams of LiOAc in about 30ml 
of dionized (DI) water. A stoichiometric amount of particulate 
LiMn^ spinel, 30 grams, is added to the LiOAc solution and the 
resulting slurry is stirred to keep the spinel in suspension and 
to ensure homogeneity between the spinel and LiOAc reactants 
while heating at 80-90°C for about 3 hours to remove excess water 
until the slurry turns into a paste. The paste then is vacuum 
dried at 80°C. The resulting powder is slowly heated, in a tube 
furnace in the presence of flowing argon, from room temperature 
to 250°C over a period of 1.5 hours, and is held at that 
temperature for 2 hours to form the 1 Li lt2 Mn 2 0 A spinel product, a 
bluish black powder. The powder is cooled to 110°C over a period 
of 3 hours in flowing argon. During the reaction, water 
condenses at the downstream end of the tube furnace. The 
Li lt3 Mn 2 0 4 spinel powder is characterized by X-ray powder 
diffraction (XRD) analysis and analyzed by atomic absorption 
(AA) for Li and Mn concentration to confirm its structure. 

Example 3 

Lithiated spinel of the formula Li 3 Mn 3 0 4 is prepared by 
dissolving 16.95 grams of lithium acetate (LiOAc) in about 30ml 
of dionized (DI) water. A stoichiometric amount of particulate 
LiMn 3 0 4 spinel, 30 grams, is added to the LiOAc solution and the 
resulting slurry is stirred to keep the spinel in suspension and 
the ensure homogeneity between the spinel and LiOAc reactants 
while the slurry is heated at 8Q-90°C for about 3 hours to remove 
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excess water until the slurry turns into a paste. The paste 

then is vacuum dried at 80°C. The resulting powder is slowly 

heated, in a tube furnace in the presence of flowing argon, from 

room temperature to 250°C over a period of 1.5 hours, and held at 

that temperature for two hours. The powder is cooled to 110°C 

over a period of 3 hours in flowing argon. During the reaction, 

water condenses at the downstream end of the furnace. A color 

change from bluish black to brown is observed during the 

reaction and the LijMnjO* spinel product has a brown color which 

is different from the bluish black color of the LiMn,0 4 spinel 

reactant. The Li,Mn 2 0« spinel powder is characterized by X-ray 

powder diffraction (XRD) analysis and analyzed by atomic 

absorption (AA) for Li and Mn concentration. 



Rxample 4 

Lithiated spinel of the formula Li^Wnfi^ is prepared by 
dissolving 3.482 grams of lithium citrate in about 30ml of 
deionized water. A stoichiometric amount of LiMn,0«, 30 grams, 
is added to the lithium citrate solution and the resulting 
slurry is stirred to keep the spinel in suspension and to ensure 
homogeneity between the spinel and lithium citrate reactants. 
The slurry is heated at 80-90°C for about 3 hours while stirring 
to remove excess water until the slurry turns into a paste. The 
paste then ±b vacuum dried by heating at 80°C for about 3 hours. 
The resulting powder is slowly heated, in a tube furnace in the 
presence of flowing argon, from room temperature to 250°C oyer a 
period of 1.5 hours and held at that temperature for 2 hours to 
form a bluish black powder product. The powder then is cooled 
to 110-C over., a period of 3 hours in flowing argon. During the 
reaction, water is seen condensing at the downstream end of the 
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flowing tube furnace. Weight loss during the reaction is about 

40-45% of the combined weight of the citrate and spinel 

reactants. The powder is characterized by XRD and analyzed by 

atomic absorption (AA) for Li and Mn concentration to confirm 

its structure as Li 1 . 1 Mn 2 0 4 spinel. 

Example 5 

Lithiated Lij.^Mn^ spinel is prepared by dissolving 6.964 
grams of lithium citrate in about 30ml of deionized water. A 
stoichiometric amount of LiMn 3 0 4 , 30 grams, is added to the 
lithium citrate solution and the resulting slurry is stirred to 
keep the spinel in suspension and to ensure homogeneity between 
the spinel and lithium citrate reactants. The slurry then is 
heated at 80-90°C for about 3 hours while stirring to remove 
excess water until the slurry turns into a paste. The paste is 
vacuum dried by heating at 80°C for a few hours. The resulting 
powder is slowly heated, in a tube furnace in the presence of 
flowing argon, from room temperature to 250°C over a period of 
1.5 hours and held at that temperature for 2 hours to form a 
powder product. The powder is cooled to 110°C over a period of 3 
hours in flowing argon. During the reaction, water is seen 
condensing at the downstream end of the flowing tube furnace. A 
color change from bluish black to brown is observed during the 
reaction and the powder product has a brown color, which is 
different from the bluish black color of the LiMn a 0 4 spinel 
reactant. The powder product is characterized by XRD and 
analyzed for Li and Mn concentration to confirm its structure as 
Li 1 . 2 Mn 3 0 4 spinel. 
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Example 6 

Lithiated spinel of the formula Li 2 Mn 2 0 4 is prepared by 
dissolving 34.82 grams of lithium citrate, in about 30ml of 
deionized water. A stoichiometric amount of particulate LiMn 2 0 4 
spinel, 30 grams, is added to the lithium citrate solution and 
the resulting slurry is stirred to keep the spinel in suspension 
and to ensure homogeneity between the spinel and lithium "citrate 
reactants while the slurry is heated at 80-90°C for about 3 hours 
to remove excess water until the slurry turns into a paste. The 
paste then is vacuum dried at 80°C. The resulting powder is 
slowly heated, in a tube furnace in the presence of flowing 
argon, from room temperature to 250°C over a period of 1.5 hours, 
and held at that temperature for 2 hours to form a powder 
product. The powder is cooled to 110°C over a period of 3 hours 
in flowing argon. During the reaction, water is condensed at 
the downstream end of the tube furnace. A color change from 
bluish black to brown is observed during the reaction and the 
powder product has a brown color which is different from the 
bluish black color of the LiMn 2 0 4 spinel reactant. The powder t 
product is characterized by X-ray powder diffraction (XRD) 
analysis and analyzed by atomic absorption (AA) for Li and Mn 
concentration to confirm its structure as Li 2 Mn 3 0 4 spinel. 



Example 7 

Lithiated Ll^M^O, spinel is prepared by dissolving 1.591 
grams of lithium lactate in about 30ml of deionized <DI) water. 
A stoichiometric amount of particulate LiMn.0, spinel, 30 grams, 
is added to the LiOAc solution and the resulting slurry is 
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stirred to keep the spinel in suspension and to ' ensure 

homogeneity between the spinel and LiOAc reactants while heating 

at 80-90C for about 3 hours to remove excess water until the 

slurry turns into a paste. The paste is vacuum dried at 80°C. 

The resulting powder is slowly heated, in a tube furnace in the 

presence of flowing argon, from room temperature to 250°C over a 

period of 1 hour and held at that temperature for 2 hours to 

form a bluish black powder product. The powder is cooled to 

110°C over a period of 3 hours in flowing argon. During the 

reaction, water condenses at the downstream end of the tube 

furnace. Weight loss during the reaction is about 20% of the 

combined weight of the lithium lactate and spinel reactants. 

The powder product is characterized by X-ray powder diffraction 

(XRD) analysis and analyzed by atomic absorption (AA) for Li and 

Mn concentration to confirm its structure as li± lml Mn 1 0 % spinel. 

Example 8 

Lithiated Li^Mn^ spinel is prepared from lithium lactate 
by dissolving 3.182 grams of lithium lactate in about 30ml of 
deionized (DI) water. A stoichiometric amount of particulate 
LiMn 3 Q 4 spinel, 30 grams, is added to the LiOAc solution and the 
resulting slurry is stirred to keep the spinel in suspension and 
to ensure homogeneity between the spinel and LiOAc reactants 
while the slurry is heated at 80-90°C for about 3 hours to remove 
excess water until the slurry turns into a paste. The paste 
then is vacuum dried at 80°C. The resulting powder is slowly 
heated, in a tube furnace in the presence of flowing argon, from 
room temperature to 250°C over a period of 1 hour, and held at 
that temperature for 2 hours to form a bluish black powder 
product. The powder is cooled to 110°C over a period of 3 hours 
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in flowing argon. During the reaction, water is condensed at 

the downstream end of the tube furnace. The powder product is 

characterized by X-ray powder diffraction (XRD) analysis and 

analyzed by atomic absorption (AA) for Li and Mn concentration 

to confirm its structure as Li 1 . 2 Mn a 0 4 spinel. 



Example 9 

Lithiated Li 2 Mn 3 0 4 spinel is prepared by dissolving 15.91 
grams of lithium lactate in about 30ml of deionized (DI) water. 
A stoichiometric amount of particulate LiMn a 0 4 spinel, 30 grams, 
is added to the LiOAc solution and the resulting slurry is 
stirred to keep the spinel in suspension and to ensure 
homogeneity between the spinel and LiOAc reactants while the 
slurry is heated at 80-90°C for about 3 hours to remove excess 
water until the slurry turns into a paste. The paste then is 
vacuum dried at 80°C. The resulting powder is slowly heated, in 
a tube furnace in the presence of flowing argon, from room 
temperature to 250°C over a period of 1 hour, and held at that 
temperature for 2 hours to form a powder product. The powder is 
cooled to 110°C over a period of 3 hours in flowing argon. During 
the reaction, water condenses at the downstream end of the tube 
furnace. A color change from bluish* black to brown is observed 
during the reaction and the powder product has a brown color 
which is different from the bluish black color of the LiMn 3 0 4 
spinel reactant. The powder product is characterized by X-ray 
powder diffraction (XRD) analysis and analyzed by atomic 
absorption (AA) for Li and Mn concentration to confirm its 
structure as Li 3 Mn 3 0 4 spinel. 
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WHAT IS C LAIMED IS: 

1. A process for preparing a lithiated lithium manganese 
dioxide spinel compound of the formula Li (1+x} Mn 3 0 4 wherein 0<x<l, 
comprising reacting lithium manganese dioxide spinel compound of 
the formula LiMn 2 0 4 with a lithium carboxylate at a temperature 
and for a time sufficient to decompose said carboxylate and form 
the lithiated spinel. 

2. The process of Claim 1 wherein the lithium carboxylate is 
selected from the group consisting of lithium acetate, lithium 
citrate, lithium lactate, and other lithium carboxylates in 
which the carboxylate group is attached to a group that is 
electron-withdrawing relative to methyl. 

3 . The process of Claim 2 wherein the lithium carboxylate is 
lithium acetate. 

4. The process of Claim 1 wherein the reaction takes place at 
a temperature between about 150°C to below about 350°C. 

5. The process of Claim 4 wherein the temperature ranges from 
about 150°C to below about 300°C. 

6. The process of Claim 1 wherein the time of reaction ranges 
from about 10 minutes to about 15 hours. 

7. The process of Claim 5 wherein the time of reaction ranges 
from about 2 to about 8 hours. 
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8. The process of Claim 1 wherein the reaction is conducted in 

an inert atmosphere. 

9. The process of Claim 1 wherein the lithium manganese 
dioxide spinel compound is reacted with lithium acetate at a 
temperature of about 230°C to about 250°C for a period of about 2 
to about 8 hours in an inert argon atmosphere. 

10. A lithiated lithium manganese .dioxide spinel compound of 
the formula Li (1+x) Mn 2 0 4 , wherein 0<x<l, prepared according to the 
process of Claim 1 . 
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